Introduction {#j_jomb-2018-0049_s_001}
============

HIV (human immunodeficiency virus) is a retrovirus which infects immune cells, especially CD4^+^ T lymphocytes, and leads to progressive decay of these cells. CD4 cell count is used as a measure of immune function, and a lower CD4 cell count points to a weaker immune system ([@j_jomb-2018-0049_ref_001]). The reduction of CD4^+^ T lymphocytes after HIV infection has several explanations, one of which is that frequent infections in these patients lead to chronic activation of T-lymphocytes that ends with their apoptosis in a process called activation-induced cell death. The t-cell loss is the most reliable indicator of disease progression ([@j_jomb-2018-0049_ref_002]). However, not all T-cell sub populations are deteriorated. HIV-infection is characterized by progressive CD4^+^ T-cell deficiency due to reduced synthesis and increased cell death, but with marked activation and expansion of the CD8^+^ T-cell compartment ([@j_jomb-2018-0049_ref_003]). CD4^+^ T lymphocytes are helper lymphocytes because they excrete cyto kines that can activate other immune cells. CD8 lymphocytes are also called cytotoxic because they directly destroy virus-infected cells or tumour cells. CD4 lymphocytes are further divided into two sub groups, TH1 lymphocytes which excrete interleukin 2 (IL-2) and interferon gamma that can activate macro phages and natural killer (NK) cells, and TH2 lymphocytes which excrete IL-4, IL-5 and IL-10 that induce a humoral immune response ([@j_jomb-2018-0049_ref_004]).

Early treatment reduces the duration of high viremia exposure. New guidelines for treatment commencement recommend beginning treatment in case of symptomatic primary infection or at low CD4^+^ count ([@j_jomb-2018-0049_ref_005]).

Combination antiretroviral therapy (cART) is recommended for all HIV infected persons in order to reduce the risk of disease progression and virus resistance to certain drugs. The primary goal of cART is to prevent HIV-related diseases and mortality, and the secondary goal is to reduce the risk of HIV transmission ([@j_jomb-2018-0049_ref_006], [@j_jomb-2018-0049_ref_007]). It is important to point out that cART leads to a significant reduction in some immune activation markers, but they are still significantly increased compared to uninfected controls ([@j_jomb-2018-0049_ref_008]). Although cART has dramatically increased the survival of patients with HIV infection, it can lead to several persistent metabolic abnormalities. However, data on the incidence of metabolic syndrome (MetS) in persons infected with HIV vary considerably in various observational studies ([@j_jomb-2018-0049_ref_009]). MetS is a complex condition characterized by physical and metabolic abnormalities, which include central obesity, increased blood pressure, dyslipidemia and hyperglycemia ([@j_jomb-2018-0049_ref_010]).

At the beginning of studying HIV, it was suggested that besides viremia, the parameters of immunity activation such as CD8 lymphocytes, CD4/CD8 ratio or CD4 and CD8 lymphocyte percentage should be followed ([@j_jomb-2018-0049_ref_011]).

The CD4/CD8 ratio was traditionally described as an immunostimulatory marker in the general population but it increasingly appears as a marker of interest in HIV-infected individuals because it has been shown to identify individuals with persistent immune dysfunction that are at higher risk for non-AIDS events (such as MetS) and mortality despite the normalization of CD4 counts during therapy. Early cART has been found to be associated with a faster increase in CD4^+^ counts, as well as an increase in CD4/CD8 ratio ([@j_jomb-2018-0049_ref_008]). Lower CD4/CD8 ratio is also associated with increased morbidity and mortality of diseases not primarily related to HIV ([@j_jomb-2018-0049_ref_012]).

This study aims to examine the extent to which the CD4/CD8 ratio can predict the occurrence of metabolic syndrome in HIV-positive non-treated patients receiving cART therapy.

Materials and Methods {#j_jomb-2018-0049_s_002}
=====================

Patients {#j_jomb-2018-0049_s_002_s_001}
--------

80 HIV/AIDS subjects of both genders were included in a retrospective case-control study. Data was obtained from histories of HIV/AIDS patients who were hospitalized at the Clinic for Infectious Diseases of Clinical Center of the University of Sarajevo in the period from 2008--2018. Inclusion criteria for patients were: HIV/AIDS patients, aged \> 18 years, both genders, which had not previously been treated with antiretroviral therapy. Criteria for exclusion from the study were: subjects who at the time of therapy commencement had 3 or more criteria for MetS, an active opportunistic disease or severe infectious disease, acute or chronic inflammatory disease, hypothyroidism, Cushing's syndrome, acute or chronic kidney disease, acute or chronic hepatitis, liver cirrhosis or pregnancy. All HIV/AIDS patients treated in the clinic above during the study period were included in the study if they met inclusion criteria (and did not meet the criteria for exclusion) to avoid selection bias.

Metabolic syndrome diagnosis was established if the patients met at least 3 out of the following 5 criteria: waist circumference over 94 cm in men, or over 80 cm in women; increased blood pressure (systolic ≥ 130 mm Hg and/or diastolic 85 mm Hg); elevated triglyceride levels (≥ 1.7 mmol/L), reduced levels of high-density lipoprotein (HDL) (\< 1.03 mmol/L in men and \< 1.29 mmol/L in women); and elevated fasting glucose levels (≥ 5.6 mmol/L) ([@j_jomb-2018-0049_ref_013]).

The following data was taken from the medical histories of patients: age, sex, habits, HIV transmission mode, anthropometric measurements, values of biochemical parameters (triglycerides, HDL, blood sugar, blood count), immunological parameters (CD4/CD8, PCR), and type of cART therapy. Immunological laboratory parameter measurements of this study were part of the usual treatment of patients with HIV infection.

Immunophenotyping of lymphocytes {#j_jomb-2018-0049_s_002_s_002}
--------------------------------

In the test tube with the anticoagulant Ethylene-Diamino-Tetra-Acetate (Vacutainer Tubes with K3EDTA-Becton Dickinson, Plymouth, United Kingdom) for immunophenotyping lymphocyte profiles using the method of flow cytometry, patients full-blood was treated with monoclonal antibodies (FITC, PE, PerCP, APC) (*[Table I](#j_jomb-2018-0049_tab_001){ref-type="table"}*) to determine the expression of certain cellular receptors within 48 hours upon receiving the sample and according to the manufacturer's protocol (BD Biocsience, San Jose, CA, USA and BD Pharmigen, San Diego, CA, USA) at the Department of Clinical Immunology of Clinical Centre of University of Sarajevo.

###### 

Combination of monoclonalantibodies.

           FITC   PE        PerCP   APC
  -------- ------ --------- ------- ------
  Tube 1   CD3    CD8       CD45    CD4
  Tube 2   CD3    CD15+56   CD45    CD19

FITC -- Fluorescein isothiocyanate, PE -- Phycoerythrin, PerCP - Peridinin Chlorophyll Protein Complex, APC -- Allophycocyanin, CD -- cluster of differentiation.

In the analyzed sample lymphocytes were defined via the gating method by size and cell granulation (FSC vs SSC). After that, lymphocyte sub-populations were determined by fluorescence on dual-parameter histograms. In each sample, 10,000 cells were analyzed, and the results were expressed as the percentage (proportion) of the examined cells in each subpopulation of lymphocytes. Cell sub - populations were analyzed in the DIVA program, version 6.1.3 (DB Bioscience, San Jose, CA, USA). The absolute number of individual subpopulations (the number of cells per 1 mL of blood) was determined by the formula:

Abs CD4 (CD8) = WBC x Lym/100 x (% positive cells Cd4 or CD8)/100

Ethics {#j_jomb-2018-0049_s_002_s_003}
------

The research was approved by the Ethics Committee of the University Clinical Center of Sarajevo and implemented according to the basic principles of the Helsinki Declaration (last version of 2008) on the rights of patients involved in biomedical research.

Statistical analysis {#j_jomb-2018-0049_s_002_s_004}
--------------------

The statistical analysis of data was done using a licensed statistical program for Windows (version 19.0, SPSS Inc., Chicago, Illinois, USA) and Microsoft Excel (version 11 of Microsoft Corporation, Redmond, WA, USA). The collected data was analyzed at the level of descriptive statistics with central tendency measures (arithmetic mean and median) and variance measures (standard deviation and standard error). Considering the normal distribution of continuous variables, which was proved by the Kolmogorov-Smirnov test, we used the Independent Samples T-test to calculate the significance of differences between this data. Univariate binary logistic regression investigated the individual influence of independent variables on the binary dependent variable MetS (yes/no) after six months of cART therapy. Multivariate binary regression analysis investigated the effect of independent predictors (model 1) that demonstrated in the univariate analysis significant influence on the dependent variable MetS (yes/no) after 6 months of cART therapy. All analyses were evaluated at a level of statistical significance of p \< 0.05. After statistical processing of data, results were presented in tables.

Results {#j_jomb-2018-0049_s_003}
=======

The study included 80 HIV/AIDS subjects: 72 (90%) men and 8 (10%) women. The age of subjects at the time they were tested and detected with HIV/AIDS for men was 34.3 ± 8.5 years and 38.6 ± 11.1 years for women. Smokers were less represented (33 or 41.3%) compared to non-smokers (47 or 58.8%). The majority of subjects were not exintravenous (IV) drug users (70; 87.5%), while 10 (12.5%) subjects were. MSMs (men who have sex with men) dominate with 49 subjects (61.3%), 30 (37.5%) subjects were heterosexual, and one subject (1.2%) was without clear sexual orientation.

After 6 months of ART therapy the values of CD4/CD8 ratio increased significantly to 0.51 ± 0.35 (p = 0.0001). Out of all n = 80 subjects 19 (23.8%) developed MetS, and 61 (76.3%) did not. Metabolic syndrome was developed by 11 of 29 subjects or 37.9% on PI + NRT therapy, and 8 out of 51 subjects or 15.6% on NNRT + NRT therapy. Subjects who developed MetS after 6 months of therapy had mean values of waist circumference for men (94.8 ± 3.5 cm), and women (89.0 ± 28 cm); triglyceride levels of 3.6 ± 1.9; fasting glucose levels of 5.6 ± 0.9; systolic pressure levels of 130.5 ± 16.4; diastolic levels of 82.3 ± 7.5; HDL levels for men (0.84 ± 0.20), and women (1.11 ± 0.02).

Using univariate binary logistic regression, the individual influence of independent variables on the development of MetS (yes/no) after six months of cART therapy was investigated. The most statistically significant individual influence (p \< 0.05) according to Wald coefficients has been shown by the following variables:

The CD4 percentage before the onset of therapy has the individual strongest influence (Wald = 9.03; OR = 0.87) along with CD4/CD8 ratio (Wald = 6.56, OR = 0.58). This is followed by triglycerides (Wald = 6.4, OR = 1.89), waist circumference (Wald = 4.8; OR = 1.14), cART (Wald = 4.8; OR = 0.30) and body weight (Wald = 4.5, OR = 1.05). Other variables (gender, age, smoking status, height, BMI, systolic and diastolic pressure, CD8%, RNA PCR, HDL, fasting glucose and blood count elements) were not of significant influence (*[Table II](#j_jomb-2018-0049_tab_002){ref-type="table"}*).

###### 

Univariate binary logistic regression.

                                                                                                        95.0% C.I.for OR   
  ------------------------------------------- -------- ------- ---------- ------- ----------- --------- ------------------ -------
  Variable                                    B        S.E.    Wald       df      p           OR        Lower              Upper
  Gender (M/F)                                -0.847   1.103   0.590      1       0.442       0.429     /                  /
  Age (years)                                 0.035    0.029   1.44       1       0.229       1.035     /                  /
  Smoking status(yes/no)                      0.328    0.529   0.383      1       0.536       1.387     /                  /
  Height (cm)                                 5.956    3.813   2.440      1       0.118       386.144   /                  /
  Weight (kg)                                 0.050    0.023   **4.51**   1       0.034       1.051     1.009              1.100
  BMI                                         0.101    0.083   1.479      1       0.224       1.106     /                  /
  Waist circumference (cm)                    0.133    0.060   **4.84**   1       0.028       1.142     1.015              1.285
  Systolic pressure (mmHg)                    0.052    0.038   1.901      1       0.168       1.054     /                  /
  Diastolic pressure (mmHg)                   -0.033   0.055   0.359      1       0.549       0.968     /                  /
  CD4 (%)                                     -0.130   0.043   **9.03**   1       0.003       0.878     0.807              0.956
  CD8 (%)                                     -0.017   0.022   0.604      1       0.437       0.983     /                  /
  CD4/CD8 Ratio                               -0.531   0.207   **6.56**   1       0.010       0.588     0.392              0.883
  PCR RNA (log)cells/ml                       0.015    0.290   0.003      1       0.959       1.015     /                  /
  Triglycerides (mmol/L)                      0.638    0.252   **6.40**   1       0.011       1.894     1.155              3.105
  HDL (mmol/L)                                -0.085   0.361   0.056      1       0.813       0.918     /                  /
  Erythrocytes × 10^12^/L                     -0.214   0.307   0.486      1       0.486       0.808     /                  /
  Blood glucose (mmol/L)                      0.461    0.427   1.166      1       0.280       1.585     /                  /
  Leukocytes x 10^9^/L                        0.211    0.133   2.525      1       0.112       1.235     /                  /
  Lymphocytes %                               0.756    2.031   0.139      1       0.710       2.131     /                  /
  Thrombocytes × 10^9^/L                      0.002    0.004   0.424      1       0.515       1.002     /                  /
  cART(NNRTIs + NRTI compared to PI + NRTI)   -1.189   0.543   **4.79**   **1**   **0.028**   0.304     0.105              0.882

CD -- cluster of differentiation, BMI -- body mass index, HDL -- high-density lipoprotein, cART -- combined antiretroviral therapy, NNRTIs -- Non-nucleoside reverse transcription inhibitors, NRTI -- nucleoside reverse transcription inhibitors, PI -- Protease inhibitors.

Multivariate analysis of parameters (which proved to be significant in univariate regression analysis) yielded Model 1 where the values of Cox & Snell R ^2^ = 0.338 and Nagelkerke R^2^ = 0.507 show that the set of variables explain 33.8% to 50.7% of the variance. Further results of the Hosmer and Lemeshow test support the claim that the model is good, 2 = 19.910 p = 0.084.

Surrogate marker CD4/CD8 ratio showed the most statistically significant (p \< 0.05) and greatest influence on MetS development (Wald = 9.01, OR = 0.45), followed by cART (Wald = 7.87, OR = 0.10), and triglycerides (Wald = 5.27; OR = 1.7). In this analysis, body weight and waist circumference did not show a statistically significant effect on MetS development after six months of cART, p \> 0.05 (*[Table III](#j_jomb-2018-0049_tab_003){ref-type="table"}*).

###### 

Multivariate binary logistic regression.

            Variable                                 B         Wald        df   p\.     OR
  --------- ---------------------------------------- --------- ----------- ---- ------- --------
  Model 1   Body weight (kg)                         0.020     0.164       1    0.686   1.020
            Waist circumference (cm)                 0.236     **2.830**   1    0.093   1.266
            Triglycerides (mmol/L)                   0.767     **5.270**   1    0.022   2.152
            CD4/CD8 ratio                            -0.803    **9.012**   1    0.003   0.448
            cART(NNRTIs+NRTI compared to PI+ NRTI)   -2.249    **7.866**   1    0.005   0.106
            Constant                                 -27.197   6.240       1    0.012   0.0001

CD -- a cluster of differentiation, cART -- combined antiretroviral therapy, NNRTIs -- Non-nucleoside reverse transcription inhibitors, NRTI -- nucleoside reverse transcription inhibitors, PI -- Protease inhibitors.

Discussion {#j_jomb-2018-0049_s_004}
==========

In our study, we have shown that the choice of cART drugs (NNRTIs + NRTI vs PI + NRTIs) and CD4/CD8 ratio have a protective effect on the occurrence of MetS in patients with HIV/AIDS, while larger waist circumference and triglyceride levels at the beginning of therapy increase the risk of MetS development.

ART therapy has been available in Bosnia and Herzegovina (B&H) since 2003. The choice of cART depends on the CD4 count, viremia, HIV resistance, adherence prognosis, comorbidities, adverse drug effects, interaction with other drugs, as well as the cost of the drug itself. Due to the realistically low number of HIV infected, some ART drugs could not be registered in B&H (due to high price of drug registration and low consumption); therefore we had a smaller amount of drugs on disposition compared to the EU, the price of some drugs was very expensive for a country such as B&H, and we were forced to choose more affordable and available medicines.

The real prevalence of MetS among HIV-positive patients is still controversial due to a large number of observational studies with a wide range of prevalence estimates (from 7 to 52%). It is difficult to determine whether the prevalence of MetS in HIV-infected patients is different or comparable with the prevalence in the general population ([@j_jomb-2018-0049_ref_014]).

Due to the effectiveness of modern HIV/AIDS therapy, lifespan with this disease is prolonged. Physicians are now facing new challenges in treating comorbidities, such as MetS. Even so, the prevalence of MetS in patients with HIV is not the same as in the general population ([@j_jomb-2018-0049_ref_015]).

In one study ([@j_jomb-2018-0049_ref_009]) the prevalence of MetS in the study population was 16% for the Inter national Diabetes Federation (IDF) definition. Pre valence of MetS was significantly higher among patients receiving cART therapy than among HIV therapy-naive patients (18.2% vs 5.1%, p = 0.005) ([@j_jomb-2018-0049_ref_009]).

Another study ([@j_jomb-2018-0049_ref_016]) shows that the MetS prevalence in subjects on ART was higher (18.4%) compared to subjects who were not on ART (11.8%). In comparison, our study showed that 19 out of 80 subjects or 23.8% developed MetS after six months of cART.

Earlier research has already demonstrated the relationship between combination ART therapy and dyslipidemia, insulin resistance and cardiovascular disease (CVD), as well as poor adherence of HIV+ subjects on PI inhibitors ([@j_jomb-2018-0049_ref_017]).

A study by Perazzo ([@j_jomb-2018-0049_ref_018]) clearly showed that low CD4 counts (\< 200 cells/ml) with OR = 50.7 present a risk for MetS development ([@j_jomb-2018-0049_ref_018]), whereas our study also showed the risk of MetS development with low CD4% (OR = 0.87, p = 0.003).

In one study ([@j_jomb-2018-0049_ref_019]) on HIV-infected individuals treated within 6 months of HIV detection compared to two years after seroconversion, the CD4/CD8 ratio remained low and did not normalize in the group being treated immediately upon detection of HIV infection ([@j_jomb-2018-0049_ref_019]). Contrary to their results, Hoenigli et al. ([@j_jomb-2018-0049_ref_020]) found that CD4/CD8 ratio was lower in individuals with symptomatic acute HIV infection and that it correlated with the duration of acute HIV infection symptoms. Early ART (initiated within 40 days from the estimated date of infection) has shown to be associated with a significant increase in CD4/CD8 ratio ([@j_jomb-2018-0049_ref_020]).

Their data suggests that the CD4/CD8 ratio decreases rapidly during acute HIV infection, but can be significantly increased when ART is commenced, as we have demonstrated in our study where 6 months after ART therapy the CD4/CD8 ratio increased from 0.29 ± 0.21 to 0.51 ± 0.35 (p = 0.0001). Similar results were obtained by Han WM et al. ([@j_jomb-2018-0049_ref_021]) on a sample of 800 subjects, where the total reference CD4/CD8 ratio before ART was 0.22 (IQR, 0.12--0.32) and after achieving virological suppression this ratio was 0.42 (IRQ: 0.27--0.56) ([@j_jomb-2018-0049_ref_021]).

The same study showed that HIV-infected subjects with a CD4/CD8 ratio of \< 0.3, or in the range between 0.3 and 0.45, had a significantly higher risk of non-AIDS disease development compared to HIV subjects with a ratio greater than 0.45. Ultimately, our study also showed that the CD4/CD8 ratio was a significant univariate and multivariate predictor (together with triglycerides and cART) of non-AIDS disease and MetS (p \< 0.05).

Study SHSC (2016) showed that the CD4/CD8 ratio was an important time-dependent prognostic

The limitations of our study were a relatively small sample and retrospective analysis, which is why data on physical activity, nutrition and other possible predisposing factors during the first 6 months of therapy are missing.

Conclusions {#j_jomb-2018-0049_s_005}
===========

Clinicians should keep in mind the percentage of CD4 and low levels of CD4/CD8 ratio, along with other parameters of metabolic syndrome development (central obesity, high blood pressure, dyslipidemia, and blood sugar), when selecting cART drug regimens to reduce the prevalence of non-AIDS diseases or MetS. The results of this study should be considered as preliminary, while verification of these results requires new prospective epidemiological studies with greater statistical strength and follow-up of a wider range of factors that may have an impact on metabolic syndrome.
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